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HISTOCHEMICAL TECHNiC FOR MACROSCOPIC STUDY OF FUNGI*
HARRY L. ROTH, M.D., AND H. K. WINKELMANN, M.D.
Microscopic histochemistry of animal tissues
has developed rapidly in the last 10 years, but its
application to the fungous group has been de-
layed, presumably because one cannot handle a
fungous culture as readily as other tissues.
DeLamatcr and associates (1) and later Kligman
and Mescon (2) described the application of the
Hotchkiss-McManus technic for the demonstra-
tion of polysaccharidcs in the walls of the dcrma-
tophytcs. In studying staphylococci, Marinclli
and coauthors (3) have recently used the alkaline
phosphatasc technic, but no similar enzymatic
histochemical work has been done on fungi.
In 1958, Steigleder (4) discussed the esterasc
activity of human skin and noted the presence of
positive hyphal elements in the stratum corncum
of one of his specimens. It was this study which
encouraged our thinking regarding tcchnics that
would provide demonstration of enzymatic
activity in fungi. The purpose of this report is
to summarize the tcchnics that we have
developed.
METHODS AND MATERIALS
Twelve dermatophytes and six saprophytes
were grown at 25° C. on modified Sabourand's
medium to which chloramphenicol had been added.
Most of these had been recently isolated from pa-
tients in our clinical practice. Some less common
dermatophytcs were obtained from frozen, lyo-
philized specimens furnished by Dr. John Ulrieh,
Section of Bacteriology, Mayo Clinic. No speci-
mens were used if they showed evidence of pleo-
morphism OD reculturing. When primary growth
of the colonies was established, they were trans-
ferred to Petri dishes containing 30 ml. of Ben-
ham's cornmeal agar. This amount results in a
layer approximately 4 mm. thick. All specimens
were streaked on the surface of the agar except the
Candida and nnnfilamentous yeasts which were
cut into the medium with the wire loop. For this
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study, cornmeal agar has several advantages: It
is clear and imparts no color to the fungus nor
does it conflict with staining reactions; it has
been used routinely in our labnratory; and it
affords a flat surface easily accessible for further
manipulation. The culture plates were labeled
and scaled with a wide rubber band and stored in
the dark at 25° C. The colonies were observed at
3-day intervals. For this study, colonies of derma-
tophytes were grown for 21 days and yeast and
saprophytes were grown for 10 days. They were
then examined microscopically to insure that the
original morphologic identification was cor-
rect (5).
A sterile 8-mm. cutanenus punch was used for
biopsy of the cnlonies. The circular specimen was
hfted from the plate with the tip of a small iris
knife and subsequently handled by the use of
a flat glass disk which was fused on a glass stirring
rod at an angle of 150°. Small Stender dishes of
about 30-ml. capacity were used for holding the
substrates and fixatives. It was found that S to
10 ml. of reagent would easily cover the specimen
and provide an adequate amount of reagent in
contact with it. The equipment is seen in figure 1.
It was quickly discovered that when any en-
zymatic reaction was done without fixation,
marked diffusion of the enzyme into the sur-
rounding medium occurred. In the absence of
fixation, the intensity of reaction was greater as
compared to fixed material, however. Formalin
fixation was used routinely and the specific fixa-
tive requirements may be found hereinafter in the
discussion of the enzymatic procedures used.
Fixation time was 3 hours in cold fixatives. The
tissue was rinsed in cold distilled water after
fixation for 3 minutes, and then immersed in the
substrate.
1. Nonspecific Esterase.—The Gomori modifica-
tion (6) of the Nachlas and Seligman (7) azo dye
coupling technic was employed. The specific
substrate used was alpha-naphthyl acetate and
the azn coupling dye employed was diazo blue
B (tetrazotized o-dianisidine). The tissue was in-
cubated in the substrate at 25° C. for 30 minutes,
after fixation in cold neutral formalin buffered
at pH 6.5 to 7.0. It was then removed, rinsed in
distilled water for 3 minutes and transferred to
another change of distilled water and kept over-
night in the refrigerator before mounting. This
minimized air bubbles formed at the surface of the
preparation.
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Fin. 1. Equipment used for histochemical staining of macroscopic fungous preparations. From left
to right are respectively 30-mi. Stender dish used to hold reagents, Petri dish (100 by 15 mm.) with
Benham's cornmeal agar medium, 8-mm. cutaneous punch used to biopsy the colony, iris knife (with
biopsy specimen) used to hft out specimen from Petri dish, glass stirring rod with fused glass disk used
for transferring specimens during staining and finished mounted specimen showing how paraffin is nsed
to hold coverslip to specimen and form an airtight seal.
2. Alkaline Phosphetase.—The azo dye coupling
technic of Menten and associates (8) as modified
by Gomori (6) was used. Ten per cent formalin
buffered with phosphate to pH 7.0 was the fixa-
tive. Sodium aipha-naphthyi phosphate was used
as the substrate, and the coupling agent was again
diazo blue B. The reaction was accelerated by the
addition of magnesium ions in trace amounts.
Sections were incubated in the substrate for 30
minutes at 20° C. and were rinsed and refrigerated
as already described.
3. Specific Cholineslerase and Nonspecific Cholin-
esterase.—The Gomori modification (6) of Koelle
and Friedenwald's (9) technic was used. Ten per
cent formahn in isotonic saline at pH 4.0 was em-
ployed as the fixative. The substrates were acetyl-
thiochohne and butyrylthiochohne. Incubation
was accomplished in 3 hours at 37° C. Copper
thiocholine precipitated in situ was changed to
visible copper sulfide by treating the specimen
with dilute ammonium sulfide for 3 minutes.
The following controls were used: At least three
strains of the same organism were employed in
most instances. This was done with Trichophyloa
rnbrum, Trichophyton mentayrophytes, Micro-
spornrn canis and Micros porum yypseum. All
staining procedures were performed without the
use of specific substrate to act as a control against
false positive reactions Also substrate solutions
employed in staining the specimens of fungus
were used to stain animal tissues of known reac-
tivity as a check against false negative reactions.
Our experience with the azo coupling reactions
points to the diazo blue B as the most common
source of error. A new supply of this reagent
should always be tested specifically for its use-
fulness. All specimens of the fungi were examined
microscopically in unstained form as well as by
the afore-meutioned enzymatic methods.
Mounting the specimens proved to be a problem.
Clycerin jelly, Canada balsam, agar and per-
mount proved to be impractical. The simplest
niethod was to place the stained specimen oo a
standard microscopic slide and cover it with an 18
by 18-mm. cover glass. Hot paraffin which kept it
at a temperature just above its melting point of
56° C. was run in at the sides of the specimen
with a medicine dropper. This would quickly
cool and solidify, leaving the coverslip supported
against the specimen and making an airtight
sealed mount. There was no evidence of paraffin
causing melting of the medium of the specimen.
We have such preparations that have remained
intact for as long as a year.
RESULTS
All specimens were studied microscopically
with a rheostatically controlled light source and
with the condenser setting kept constant so as to
maintain the qualitative evaluation of the
colored staining reactions as constant as possible.
All staining reactivity was graded on a basis of
1 to 4. The following details of the specimens
were studied and the observations recorded:
(1) hyphal elements, (2) chlamydosporcs, (3)
macroconidia, (4) microconidia and (5) degree
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Fm. 2. Aliesterase reaction io Micros porum gypseum. Reaction was obtained without fixation, and
diffusion of enzyme into medium is apparent (aliesterase; x 400).
FIG. 3. Alkaline phosphatase reaction of Hormodendrum pedrosoi. Note marked reaction of spores,
minimal reaction of old established hyphae and intense reactivity of newly growing hyphal strand in
upper portion of photomicrograph (alkaline phosphatase; X 400).
of diffusion of the enzyme into the surrounding
medium.
Some degree of enzymatic activity was noted
in all specimens of fungi studied and with all
procedures utilized. In general, the greatest
activity was seen on specimens using the alies-
terase and alkaline phosphatase technic.
The diffuse enzymatic reaction of the hyphae
may be seen in figure 2, which demonstrates
aliesterase in an unfixed specimen of Microsporum
gypseum. The reactivity decreased after fixation
of the specimen but the histologic localization of
the reaction improved greatly.
In figure 3 an area from a culture of ilormo-
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Fio. 4. a. Candida albicans demonstrated with aliesterase reaction (X 400). Note marked reactivity
of chiamydospores as compared to that of established hyphal strands. b. Candida albicans demonstrated
with alkaline phosphatase reaction (X 400). Note that reactivity of chlamydospores is less intense than
in a.
dendrum may be secn, demonstrating its content
of alkaline phosphatasc. Here the oldcr hyphal
strands show minimal reactivity and the branch-
iag hypha in the upper right shows a strongly
positive reaction. The mieroconidia at the lower
left are densely reactive, a finding true of most
species. A good example is the marked enzymatic
content of the chlamydospores in Candida
albicans (fig. 4). The aliesterase and alkaline
phosphatase are localized and strong in the
chlamydospores. By contrast, the non-pathogenic
Candida krusei showed minimal reactions (fig. 5).
The alkaline phosphatase reaction and that of
the other hydrolase methods were uniformly
strong in macroconidia. In figure 6, alkaline
phosphatase reactivity of the macroneonidia of
Micros porum gypseum is shown. In figure 7, the
macroconidia of Micros porum canis are demon-
strated by the butyryleholinesterase technic. It is
simple to observe the characteristics for mor-
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FIG. 5. CGndide Icrusei demonstrated with nikaline phosphatase reaction (X 400). only minimal
activity is present in spores.
FIG. 6. Micros porurn gypseum demonstrated with alkaline phosphatase to show intense reaction of
macroconidia and microconidia (alkaline phosphatase; X 400).
phology when highlighted in such a manner. It
was generally true that growing portions of fungi
were reactive and dormant areas were minimally
reactive. Ranked according to increasing enzy-
matic reactivity, the components of a fungous
colony are: hyphal strand, chlamydospore,
macroconidia, and microconidia. Variations
occur in one colony and in one structure, but
basically, growing parts arc intensely reactive.
Some saprophytic organisms such as Aspergillus
are as reactive as pathogenic ones. Some patho-
genic forms such as Micros porum audouini are
minimally reactive. These results will be reported
in more detail elsewhere.
COMMENT
These histochcmical proccdures indicate that
chemical knowledge may be gained from macro-
4*
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FIG. 7. Microsporum canis demonstrated with butyryicholinesterase to demonstrate intensity of
enzymatic reaction and its apparent association with walls of spore (butyryicholinesterase; X 400).
scopic and microscopic study of fungous cultures
by the utilization of technics restricted heretofore
to tissue section. The technics described arc
simple standard modifications of established
procedures, and may be performed in any
laboratory or indeed by any interested clinician.
The quantities of reagents are not prohibitive
and the technics are readily learned. The bio-
chemical approach to fungous metabolism has
been dependent upon the Warberg technics and
shake-culture studies. These have been interesting
but have confined the work largely to biochemists
in most instances, whose orientation in clinical
mycology is usually incomplete. A potential area
of importance for these technics is the utilization
by those interested in clinical problems so that
the pathogenic fungi may be studied for their
chemical reactivity.
The hydrolase reactions are correlated with
growth in the fungi. The growing parts of the
fungus arc strongly reactive; the established
parts are weak in reactivity. Alkaline phosphatase
and aliesterases have no specific known function
in growth processes. Cholinesterase has been
described in areas as diverse as nervous tissue
and the ova of Schistosoma, but one can only
conclude that the weak activity of the fungus is
an indication of nonspecific hydrolase capacity
of tbe tissue. All three enzymes are found in
increased quantities in the keratogenous zones of
the epidermis; perhaps this also demonstrates a
correlation with biosynthetic processes occurring
in this region.
Certain of the pathogenic fungi are minimally
reactive and certain saprophytic organisms are
strongly reactive. In tbe case of Canclida albicans
it is possible to define pathogenicity in relation
to enzyme reaction—yet this is an isolated instance
in our experience. Micros porum audouini is
largely negative for these enzymes and this
cannot indicate decreased pathogenieity but may
correlate with altered form of clinical invasive-
ness. Micros porum canis and Micros porum
gypseum are different from Micros porum
audouini in this histoehemieal feature but the
clinical activity differs similarly. It has been
possible recently to classify some mammalian
tissues histoehemieally, and comparable reactions
should also prove useful in mycology when
enough information has been gathered.
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DISCUSSION
Dn. GERD. K. STEIGLEDER (New York, N. Y.):
I wish to congratulate Dr. Winkelmann on his
interesting studies. I should like to ask him one
question. In our own studies on the histoehem-
istry of fungi we found that esterases in the
growing parts of the mycelium of some fungi
were more active than in the older parts (Steig-
leder and Roetteher, Arch. klin. exp. Dermat.
209: 293—312, 1959). I wonder if Dr. Winkelmanu
had similar results? We used unfixed material
and did not observe any diffusion if we used the
suitable azo-dye. We did not find a relation
between esterase activity and pathogenicity in
fungi and bacteria as was claimed recently by
Delmotte (Antonie v. Leeuwenhoek, 24: 319,
1958).
DR. WILLIAM MONTAGNA (Providence, R. I.):
Dr. Winkelmann has already elegantly demon-
strated the usefulness of histochemistry in the
study of phylogeny, and now in the study of
fungi.
It is not easy to explain the significance of the
localization of certain enzymes in structures.
Tetrahymena, a ciliated protozoan, for example,
has cholinesterase at the base of its cilia. Tctra-
hymena also has all the enzymes that Dr. Winkcl-
mann has shown in fungi. I wonder if substrates,
such as pyrophosphate, not readily hydrolyzed
by mammalian enzymes, might not be useful to
reveal enzyme activity in various lower
organisms.
HARvEy BLANK (Miami, Florida): With the
electron microscope there is a vast difference
between different cells in the same single strand
of mycelium. In some cells, for example, the
mitochondria may be almost packed solid,
whereas in others there may be only one or two
mitochondria or none to be seen. A single colony,
no matter how small, is really a very iuhomo-
geneous population of cells. Although chemists
have proceeded with cultures of fungi as if all of
the cells were homogeneous, they arc not and
this becomes obvious with the electron micro-
scope or histochemical procedures. As you point
out, it will be useful to study the changes in the
colonies by technics which tell us something about
the chemical behavior of individual fungal cells
to compare with the entire colony or inoculum in
a test tube.
DR. II. K. WJNKELMANN (in closing): I would
like to thank the discussers for their comments.
In answer to Dr. Steiglcder, there is no distinct
correlation between pathogenic fungi and the
amount of these hydrolytic enzymes which are
present. The saprophytes have as much of the
enzyme as the dermatophytes. But it seems to me
or at least I would like to think that somewhere
among the vast number of histochemical reactions
that are available for frozen section technics
there are those which would give us information
of a more specific nature, not specifically about
pathogcnesis but perhaps about relations between
the various forms of fungi and their growths.
I would hope that this type of reaction would
have reasonably wide application. When we have
collected a catalogue of enzymatic reactions it
will be time enough to interpret it.
